We h a v e analysed a sample of 2.36 million minimum bias events produced in pp collisions at p s = 630 GeV in the UA1 experiment at the CERN Sp pS collider. We have studied production of K 0 s s, s and s particles with transverse momenta (p T ) u p to 7 GeV=c and K up to 2 GeV=c. The kaon data are compared with a recent QCD prediction and are found to be in good agreement. The < p T > for K 0 s s, s and s is seen to increase as a function of the charged particle multiplicity and is compared with charged particle production.
Introduction
Results are given from analysis of a single collider run at p s = 630 GeV , in 1987, when a high statistics sample of 2.36 million minimum bias events was recorded with the UA1 detector [1] . All the data discussed in this paper were recorded with a trigger requiring one or more particles in either forward arm. The trigger acceptance was (96 2)% of the full nonsingle diractive inelastic cross-section. Background events from beam-gas were eliminated by the requirement of a good collision vertex. The average luminosity during the run was only about 10 27 cm 2 s 1 and the contribution from double interactions in the same trigger interval is therefore negligible. Strange particles are identied by the reconstruction of secondary decay v ertices well separated from the primary production vertex. K 0 s s, s and s are reconstructed as V 0 vertices and K from its 3-prong decay m o d e : K + . The invariant mass of the secondaries was then used for particle indentication [2] . Signal and background of the mass distribution were parametrized and tted in order to determine the number of K 0 s s, s and s for a number of p T bins up to 7 GeV=c. The p T distribution is compared with QCD and the < p T > dependence and the particle multiplicity i s i n v estigated. The long decay time and small branching fraction ( 6%) of K + decay mode limits the statistics of the p T distribution of K which is measured only up to 2 GeV=c.
Inclusive Neutral Strange Hadrons
In order to minimize biases with this high statistics data sample, a recalibration of the Central Detector (geometrical and drift parameters) was carried out with a new technique using data with two opposite magnetic eld settings ( 0:7 T). In parallel the measurement of the coordinate along the wires by current division was recalibrated using the data. Acceptance tables were generated by a single track Monte Carlo. Charged hadrons were reconstructed with a reasonable acceptance in the pseudorapidity i n terval 3 < < +3, down to a lower momentum cut-o of 0.2 GeV=c. Since in the very forward region the charged multiplicity i s high which in turn results in large combinatorial background for V 0 reconstruction, we limit the pseudorapidity ranges for K 0 S reconstruction to jj < 2:5 and for and reconstruction to jj < 2:0.
Well measured tracks with p=p < 30% not associated to the primary vertex were used as track candidates for V 0 reconstruction. Positive and negative track pairs tting to a secondary vertex with a reasonable 2 respectively in the mass range 1:112 < m < 1 : 122 GeV with a purity of 88%. Detailed V 0 reconstruction eciencies were evaluated as a function of , azimuthal angle () around the beam and p T using a Monte Carlo program that generated and decayed K 0 s s, s and s and superimposed these decays on real data events. Fig. 1a and Fig. 1b show the p T distribution for K 0 s and plus respectively. In a previous analysis [3] , a functional form inspired by QCD and rst introduced by UA1 [4] has been used to t the p T spectrum for charged particles.
E d 3 dp 3 = A (1 + p T =p 0 T ) n :
As stressed by Hagedorn [5] , p 0 T and n are highly correlated when tted over a limited range of p T . In this experiment, with an analysis [3] of the charged particle p T spectrum it was possible to t the function from p T > 0:18 GeV=c up to p T of 25 GeV=c with n = 8 : 91 0:13, p 0 T = 1:320:05 GeV=c. F or tting the K 0 S p T spectrum, we h a v e c hosen to x n = 8 : 9 and vary p 0 T .
Our best t in the range jj < 2:5 g a v e p 0 T = 1 : 5650:019 GeV=c, A = 1 6 : 380:81 mbGeV 2 and this is displayed in Fig. 1a . The and p T distribution is harder than that for K 0 S p T spectrum and is tted with a simple exponential function: E d 3 dp 3 = ae bpt :
In this case in the range jj < 2:0 the best t gave a = 1 : 90 0:11 mbGeV 2 and b = 2:21 0:03(GeV 1 ) and this is shown in Fig. 1b .
In order to check the systematic eect of the choice of the tting function, we also tted the and p t distribution with the power law. We found that the derived results such a s 
Comparison with QCD
A comparison of K 0 S invariant cross-sections as a function of p T for UA1 (630 GeV ) and CDF (630 and 1800 GeV ) data [7] is shown in Fig. 2 . The UA1 630 GeV data and CDF 1800 GeV data cover a similar p T range up to 7 GeV=c. The CDF 630 GeV data agree well with the UA1 data but are limited in statistics and are measured only up to 3 GeV=c. Included on this plot are also the data we h a v e obtained by reconstruction of the K by its + decay mode. After background subtraction we obtained 1450 59 K + and 1710 64 K . The larger number of reconstructed K relative to K + is due to the special arrangement of the wires of the UA1 central detector and the magnetic eld which result in higher acceptance for negative tracks and thus more + combinations than + + . The limited statistics of this sample limits the p T measurement up to 2 GeV=c. W e h a v e also plotted the new next to leading order (NLO) QCD calculation by Borzumati et al [6] . The three curves correspond to dierent c hoices of the renormalization scale, namely p T =2; p T and 2p T . There is a good agreement with the QCD calculation which itself only goes down to 1 GeV=c though there is some indication that the data are slightly lower at lower values of p T . integrating from p T = 0 . F or the ts to the K 0 s and charged particle data the power n was xed to 8.9 as in section 2. Fig. 3 shows the average p t as a function of the charged track multiplicity for charged hadrons, K 0 S , and ( + ). In all cases hp T i is seen to increase with charged particle multiplicity. F or the same particle multiplicity it can be seen that hp T i for K 0 S is approximately 20% higher than that for charged hadrons, except at the lowest multiplicities, and that the hp T i for ( + ) is almost a factor of 2 greater than that for K 0 S . T able 1 and table 2 show the hp T i values obtained. A more detailed discussion of the charged particle data is given in reference 3. Fig. 4 shows the quantity < K 0 S > = < h > vs < N > of our measurement together with < K 0 S > vs < N > from heavy ion experiments at CERN [8] [9] . The quantity h is the acceptance corrected charged track m ultiplicity. N and N are the observed charged track multiplicity and the negative c harged track m ultiplicity respectively. < K > = < h > as a function of N from our measurement and that from E735 [10] are also shown in the plot. For the E735 data, we used their K= measurements and then divided them by the =h measurement from the UA2 experiment [11] , as in our case. Table 3 Relative production of K 0 S with respect to half number of all the observed charged hadrons (p p collider [10] ) or to all the negative hadrons (heavy ion experiments [8, 9] ).
K 0 S Production Relative to Charged Hadrons
We found that the results from the colliders agree within errors, while they are dierent from the results from the heavy ion experiments. This dierence could be partly explained in the following way. 5 shows our measurement of the ratio < >=< h > vs < N > together with that from E735 [12] at Tevatron and < > vs < h > from NA35 [9] and NA36 [8] . Table 4 Relative production of + with respect to all the observed charged hadrons (p p collider [12] ) or with respect to all the negative hadrons (heavy ion experiments [8, 9] ).
We can see from Fig. 5 that the results from the colliders and heavy ion experiments agree with each other very well. This is quite dierent from the K 0 S production case. This is consistent with the idea that the baryon is composed of uds valence quarks. No valence antiquarks are needed to form s. Therefore in p p collisions the valence antiquarks in the p beam do not contribute to the production, at least not directly. In the heavy ion collisions there are only valence quarks in the beam and in the target which are the only ingredients for production. Hence, p p and heavy ion collisions should behave similarly in this study, at least as far as there is no Quark Gluon Plasma (QGP) eect in the heavy ion collision data used for comparison. The agreement b e t w een the two dierent collider energies also implies that the ratio is not sensitive to moderate variations in the center of mass energy which is indeed one characteristic of the minimum bias events in the p p collider case because the dependence is expected to be logarithmic.
Summary
The K 0 S ; + p t production cross-sections were measured with high precision. The results are in good agreement with other p p collider experiments. The K 0 S and K production cross-sections are also in agreement with a recent NLO QCD calculation. The relative productions of K 0 S ; + compared to charged hadrons as a function of charged track m ultiplicity are in agreement with other p p collider experiments and heavy ion experi-ments suggesting that there is no strong quark-gluon plasma eect in the heavy ion collision experiments used for comparison.
